Background {#Sec1}
==========

Colorectal cancer (CRC) was one of the most common malignancies arising from the digestive system, acting as a major reason for cancer-related death \[[@CR1]\]. Despite the early diagnosis and treatment of CRC developed in recent years, the 5-year survival rate for colorectal cancer is still not satisfactory, mainly because most patients are diagnosed with distant metastasis or at an advanced stage \[[@CR2]\]. Although some traditional methods, such as imaging and hematological examinations were already used in practice, they were limited by their low sensitivity and specificity. Therefore, in the field of early diagnosis, novel biomarkers of CRC with high sensitivity and specificity are eagerly needed.

Circular RNAs (circRNAs), which are a type of RNAs closely looped with no accessible ends, are the downstream products of precursor mRNA back-splicing of a huge amount of eukaryotic genes \[[@CR3]\]. CircRNAs display a higher cell and tissue specificity, and their closed structure is more stable than lncRNAs and miRNAs, suggesting that they may serve as potential molecular biomarkers for cancer diagnosis \[[@CR4]\]. Now, several circRNAs were stated being able to play significant roles in CRC initiation and progression. For instance, Li et al. investigated the differentially expressed circRNAs in colorectal cancer by RNA sequencing, and they found circDDX17 was down-regulated and may act as a tumor suppressor in CRC. In addition, Jin et al. indicated that hsa_circ_0136666 was significantly up-regulated by qRT-PCR validation, and it could promote the invasion and proliferation of CRC \[[@CR5], [@CR6]\]. Notably, accumulating evidence indicated that circRNAs could affect tumor biology by modulating the gene transcription and translation. Except for the study of the basic experiments, Li et al. \[[@CR7]\] also indicated that circVAPA was upregulated in CRC tissues and plasma, which could serve as a non-invasive biomarker for CRC early diagnosis.

In our study, considering the low sensitivity and specificity of traditional tumor biomarkers, we aimed to investigate novel molecular biomarker for CRC diagnosis. Since the circRNAs were proved to be more stable than linear RNAs, we chose circRNAs as the research object. circRNA microarray was performed to detect the differentially expressed circRNAs in CRC patients' plasma. For investigating the diagnostic value of circRNAs, we chose patients from different staging and the specificity and sensitivity of circRNAs were calculated by ROC curves. Besides, bioinformatics analysis was used to predict the downstream miRNAs and mRNAs to indicate the potential mechanism of the significant circRNAs. In short, we studied the circRNAs in different ways and considered the chosen circRNAs may serve as promising biomarkers in CRC clinical application.

Methods {#Sec2}
=======

Patients and samples {#Sec3}
--------------------

Peripheral blood of 156 patients with CRC was collected at the Fujian Medical University Union Hospital between March and December 2018 for plasma isolation. The assayed patients were in different CRC TNM stages, of which 66, 33, 32 and 25 patients were in stage I, II, III, and IV, respectively. Histological examination was the standard for the confirmation of diagnosis of each patient. None of the patients was treated with radiotherapy or chemotherapy before plasma collection or had a previous medical history (PMH) of other kind of cancers or metastatic cancer from other sites. We collected blood from a patient before and on the 5th day after surgery so that the plasma samples (n = 45) were obtained preoperatively and postoperatively in pair. Based the age and gender, we individually matched the 66 healthy controls with no PMH of cancer to the CRC cases. This study was approved by the Ethics Committee of Fujian Medical University Union Hospital (2017KY088), and all patients or their guardians signed the consent form.

Cell culture {#Sec4}
------------

The CRC cell lines-HCT116, SW480, SW620 and normal cell line-NCM460 were bought from Procell Life Science & Technology Co., Ltd. (Wuhan, China) and short tandem repeat (STR) profiling was applied to confirm. All the cell lines were cultured in DMEM (Gibco) with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin supplied. Then, the cell lines were grown with 5% CO~2~ at 37 °C in humidified air.

Identification of aberrant plasma circRNAs {#Sec5}
------------------------------------------

The Arraystar human circular RNAs array chips (Arraystar Human circRNAs chip; AS-S-CR-H-V2.0, ArrayStar Inc., Rockville, MD, USA), which contains 13, 617 circRNAs and 5261 probes for circRNAs specific splicing sites were applied. After hybridization, eight plasma samples (four CRC and four normal samples) were examined on the microarray chips. Edge R was used to normalize the microarray data and find the differentially expressed circRNAs in CRC plasma (Fold change ≧ 2.0, P \< 0.05). Then, the cancer-specific circRNA-database (CSCD) and CircBase was used to identify the CRC-specific circRNAs and the details of them \[[@CR8], [@CR9]\]. Finally, a heatmap was performed to visualize the circRNAs and their structures were analyzed on the base of CSCD.

Isolation and reverse transcription of RNAs {#Sec6}
-------------------------------------------

TRIzol™ LS Reagent (Invitrogen, Carlsbad, CA, USA) was applied to extract the total RNA from the plasma based on the manufacturer's instructions. Also, the total RNA from the colorectal cancer cell lines-HCT116, SW480, SW620 and normal cell line-NCM460 was extracted with the TRIzol Reagent (Invitrogen). Then, the concentration and purity of the RNA were measured by the NanoDrop Lite spectrophotometer (Thermo Scientific). The PrimeScript™ RT reagent kit (\#RR037A v.0610, TaKaRa Biotechnology Inc., Dalian, China) were used for circRNA reverse transcription. In short, 20 μL final volume of cDNA was obtained by reverse transcribing a 1000 ng total RNA with random primers.

qRT-PCR {#Sec7}
-------

We used the TB Green™ Pre-mix Ex Taq™ II (TaKaRa) running on the Applied Biosystems StepOnePlus Real-Time PCR System (Thermo Fisher Scientific) to perform qRT-PCR array. 95 °C for 30 s, followed by 40 cycles at 95 °C for 5 s, and 60 °C for 30 s was used as the PCR condition. At the end of amplification, melting curves were generated and the specificity of the PCR products was promised. Normally, the relative expression levels of the circRNAs was calculated by the 2^−ΔΔCT^ method and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was served as a reference gene. Three independent experiments were repeated in the qRT-PCR assay. The divergent primers for these circRNAs were designed by Primer 6.0 software.

CeRNA network analysis and function annotation {#Sec8}
----------------------------------------------

The miRNA sponge was known as a function of circRNAs. Several bioinformatics analyses were performed to study the interactions between circRNAs and miRNAs. Circinteractome, which based on the Targetscan algorithm, was an online software to predict the binding sites of circRNAs and miRNAs \[[@CR8]\]. Additionally, the interaction between miRNA and mRNA was analyzed based on the miRTarBase, TargetScan, and miRDB database \[[@CR9]--[@CR11]\]. Thus, ceRNA (competing endogenous RNA) was constructed and the visualization of circRNA--miRNA--mRNA network was conducted by the Cytoscape software \[[@CR12]\]. To further study the function of meaningful circRNAs, the potential downstream mRNAs were taken together for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. The mRNAs were used as input profile. The critical results of enrichment were accepted at a threshold ≥ 2 gene counts and a P \< 0.05.

Statistical analysis {#Sec9}
--------------------

The nonparametric Mann--Whitney U-test was applied to compare the differences between normal and CRC plasma groups. Wilcoxon matched-pairs signed-rank test or a paired t-test was used to evaluate the circRNA expression between pre-operative and post-operative groups. The correlation between circRNA expression and clinicopathological factors in CRC was analyzed by a Chi-square test, and logistic regression analysis was applied to develop a CRC diagnostic panel. To evaluate the diagnostic value of the panel, receiver operating characteristic (ROC) curve, and the area under the curve (AUC) were applied to evaluate the diagnostic value of circRNAs. The Youden index (specificity + sensitivity − 1) was used to calculate the cutoff value of the circRNAs. The statistically significant standard was P-values \< 0.05. R software 3.5.1, GraphPad 7.0 and SPSS 22.0 software was used to analyze all statistical data.

Results {#Sec10}
=======

Identification of candidate circRNAs and validation {#Sec11}
---------------------------------------------------

The whole work was visualized in Fig. [1](#Fig1){ref-type="fig"}. In preliminary screenings to identify differentially expressed circRNAs in CRC plasma, we performed microarray circRNA expression analysis using eight samples, including four CRC plasma and normal plasma. As depicted by the volcano plot, our results indicated that of the 204 circRNAs differentially expressed (fold change \> 2) between the CRC and normal plasma (P \< 0.05), 26 were down-regulated, while 178 were up-regulated in CRC plasma (Fig. [2](#Fig2){ref-type="fig"}a). Then we used CircBase \[[@CR13]\] and CSCD \[[@CR14]\] database to select CRC-related circRNAs from the differentially expressed circRNAs. Among them, top 20 circRNAs were eventually identified as CRC-related circRNAs (Fig. [2](#Fig2){ref-type="fig"}b, Table [1](#Tab1){ref-type="table"}). Then, two sets of primers, namely divergent and convergent, were designed and used. The qRT-PCR, which used 156 CRC plasma and 45 normal plasma, was performed to validate the results of microarray. Hsa_circ_0082182, hsa_circ_0000370 were shown significantly upregulated in CRC plasma, while the hsa_circ_0035445 was down-regulated (Figs. [2](#Fig2){ref-type="fig"}c, [3](#Fig3){ref-type="fig"}a--c), which was in accordance with the results of microarray analysis. In addition, the expression in cell lines revealed the same results (Fig. [3](#Fig3){ref-type="fig"}d--f). More importantly, hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445 also showed the same trend in the 66 stages I-CRC plasma in both CRC and normal group (Fig. [3](#Fig3){ref-type="fig"}g--i). Furthermore, ROC curve evaluation was performed to calculate the diagnostic value of three circRNAs, respectively. In Fig. [4](#Fig4){ref-type="fig"}a--c, the AUC of hsa_circ_0000370 showed the best performance in terms of its AUC was 0.8152 (95% CI 0.7647--0.8903). Hsa_circ_0082182 had an AUC of 0.7371 (95% CI 0.6807--0.8236), while the hsa_circ_0035445 had an AUC of 0.7028 (95% CI 0.6344--0.8013), respectively. It is a remarkable fact that the mixture of the three values circRNA expression of was the best discriminating evidence, with an AUC of 0.8347, highlighting their promising diagnostic performance as a panel of biomarkers for early CRC.Fig. 1The flow chart of the whole work Fig. 2Profiling of circRNAs in the plasmas from GC patients CRC and normal plasma and the biological structure of circRNAs. **a** Volcano plot displays the circRNAs differentially expressed (fold change \> 2) between CRC and normal plasma (P \< 0.05). **b** Heat map shows the top 20 dysregulated circRNAs between CRC and normal plasma. **c** Schematics shows the biological structure of hsa_circ¬\_0082182, hsa_circ¬\_0000370, and hsa_circ¬\_0035445 Table 1Top 20 of differential expression circRNAsIDLogFCP-valueAdj. P-valueHost genehsa_circ_0035445− 6.443441.07E−102.11E−09ALDH1A2hsa_circ_0003600− 5.209041.30E−053.11E−05SOX13hsa_circ_0000977− 4.87187.68E−072.11E−06NOL10hsa_circ_0006220− 4.271883.21E−059.38E−05TADA2Ahsa_circ_0001666− 2.929252.45E−037.56E−03FAM120Bhsa_circ_0000375− 2.50113.20E−024.30E−02IFFO1hsa_circ_0043278− 2.336091.95E−076.24E−06TADA2Ahsa_circ_00061745.585991.37E−062.15E−05RAD23Bhsa_circ_00720884.523541.74E−062.91E−05ZFRhsa_circ_00005114.43777.02E−075.93E−07RPPH1hsa_circ_00005124.272327.88E−082.82E−06RPPH1hsa_circ_00018064.180081.36E−085.48E−06CSPP1hsa_circ_00009814.113141.43E−081.05E−04LAPTM4Ahsa_circ_00821823.982542.96E−072.16E−05FAM71F2hsa_circ_00082743.923074.15E−073.22E−05UGGT2hsa_circ_00005193.814432.30E−084.19E−05RPPH1hsa_circ_00019553.747011.24E−055.18E−04CSNK1G1hsa_circ_00003703.671158.16E−095.00E−08FLI1hsa_circ_00113853.669867.68E−061.94E−05EIF3Ihsa_circ_00052733.633672.89E−071.46E−06PTK2 Fig. 3Relative expression of hsa_circ¬\_0082182, hsa_circ¬\_0000370, and hsa_circ-\_0035445. **a**--**c** The expression of hsa_circ_0082182, hsa_circ_0000370 and hsa_circ_0035445 in CRC plasma and healthy control. **d**--**f** The expression of hsa_circ_0082182, hsa_circ_0000370 and hsa_circ_0035445 in cell lines. **g**--**i** The expression of hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445 in the 66 stages I-CRC plasma and normal group. Student's t-test or ANOVA was used to compare the differences in circRNA expression between different groups. \*\*\* means *P *\< 0.001, \*\*\*\* means *P* \< 0.0001 Fig. 4ROC curves analysis of hsa_circ_0082182, hsa_circ_0000370, hsa_circ-\_0035445, and mixture of these three circRNAs (**a**--**d**)

Relationship between the clinicopathological characteristics and expression of the three circRNAs {#Sec12}
-------------------------------------------------------------------------------------------------

A logistic regression analysis was carried out to investigate the relationships between clinicopathological characteristics and circRNAs expression. As shown in Table [2](#Tab2){ref-type="table"}, the expression of hsa_circ_0082182 and hsa_circ_0000370 was strongly connected with lymph node metastasis, while the hsa_circ_0035445 expression was connected with the TNM stage. Notably, there is no correlation between circRNAs and ages, gender, tumor size, depth of invasion of the patient. Furthermore, we examined hsa_circ_0082182, hsa_circ_0000370 and hsa_circ_0035445 expression in the plasma of CRC patients before and after surgery. As indicated in Fig. [4](#Fig4){ref-type="fig"}a--c, hsa_circ_0082182 and hsa_circ_0035445 presented a significant difference between preoperative and postoperative stages, while hsa_circ_0000370 had no significant difference between these two stages (Fig. [5](#Fig5){ref-type="fig"}).Table 2Association between the plasma circRNA expression levels and clinicopathological characteristics of CRCPatientsn = 156Hsa_circ_0082182Hsa_circ_0000370Hsa_circ_0035445Low (n = 52)High (n = 104)P-valueLow (n = 64)High (n = 92)P-valueLow (n = 113)High (n = 43)P-valueAge (years)0.2570.2550.752 \< 5573215231325221 ≥ 5583315233506122Gender0.2070.0610.694 Female91345743486724 Male65184721444619Tumor size0.0870.2780.994 ≤ 587345339486324 \> 569185125445019Depth of invasion0.9520.3770.061 T166224429375313 T248173120282820 T3248161113195 T418513414135Lymph node metastasis0.004\*\*0.014\*0.106 No89385142476029 Yes67145322555314TNM stage0.3080.2930.023\* I75225334414827 II and III and IV81305130516516*CRC* colorectal cancer\*P \< 0.05; \*\*P \< 0.01 Fig. 5The expression of circRNAs (hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445) in the plasma of CRC patients before and after surgery (**a**--**c**)

Prediction of the ceRNA network construction and functional enrichment analysis of targeted genes {#Sec13}
-------------------------------------------------------------------------------------------------

To identify miRNAs and downstream target genes of hsa_circ-\_0082182, hsa_circ-\_0000370, and hsa_circ_0035445, the CircInteractome online software was applied to predict the targeted miRNA binding sites of the circRNAs. Then, the downstream mRNAs were predicted based on the TargetScan, miRTarBase and MIRDB databases. Cytoscape software was used to visualize the result (Additional file [1](#MOESM1){ref-type="media"}: Figure S1, Additional file [2](#MOESM2){ref-type="media"}: Figure S2 and Additional file [3](#MOESM3){ref-type="media"}: Figure S3). Here, we studied the downstream of circRNAs, respectively, and the targeted genes were served as input data to run a further functional analysis.

Based on the DAVID database, GO and KEGG analysis were conducted for hsa_circ_0082182, hsa_circ_0000370 and hsa_0035445, respectively. As shown in Fig. [6](#Fig6){ref-type="fig"}, the targeted genes of hsa_circ_0082182 were mainly enriched in positive regulation of GTPase activity (BP), membrane (CC), protein binding (MF), and the KEGG analysis showed that the genes were mainly clustered in pathways in cancer, choline metabolism in cancer, etc. Also, we found that the targeted genes of hsa_circ_0000370 and hsa_0035445 were mainly enriched in extracellular exosome, nucleoplasm, etc., and KEGG showed that targeted genes were clustered in endocytosis, MAPK signaling pathway, etc. Some of the function or pathways, like extracellular exosome, endocytosis, were found in the functional analysis, which reflected the potential roles the three circRNAs played in CRC.Fig. 6Functional analysis for three circRNAs. **a** GO and KEGG analysis of hsa_circ_0082182 based on the ceRNA network. **b** GO and KEGG analysis of hsa_circ_0000370 based on the ceRNA network. **c** GO and KEGG analysis of hsa_circ_0035445 based on the ceRNA network

Discussion {#Sec14}
==========

The initiation and development of CRC, which occurred within the colonic epithelium, could be due to the heredity and several environmental factors, especially dietary factors \[[@CR15]\]. Since the advanced CRC patients usually have a poor prognosis, the detection of early CRC has become a huge challenge. In other words, the higher sensitive and specific biomarkers for early CRC are needed for CRC prevention and treatment \[[@CR16]--[@CR18]\]. Traditional serum biomarkers, including carcinoembryonic antigen (CEA) and CA19-9, were limited by their low sensitivity and specificity. Novel biomarkers were indeed demanded to be studied. As a type of non-coding RNA, circRNA is more stable and abundant in body fluids (including plasma, saliva and exosomes) than linear RNA and has more potential to be reliable candidates for biomarker detection \[[@CR19]--[@CR21]\]. Recently, accumulating evidence noted that circRNAs could serve as promising biomarkers for cancer diagnosis \[[@CR4], [@CR22]\]. Therefore, we considered that circulating circRNAs are the potential biomarkers for the early diagnosis of CRC. Non-coding RNAs were previously thought to be "transcriptional noises", and their functions were hugely ignored \[[@CR23]\]. CircRNAs, deriving from linear RNAs, are the exons back-splicing products \[[@CR24]\]. As previously noted, Chen and his colleagues screened the differentially expressed circRNAs in CRC tissues and adjacent tissues. Totally 10,245 circRNAs were found to be aberrant expressed, including 3981 down-regulated and 6264 up-regulated. Functional analysis and ceRNA network were performed in their research, which provided much information for further experiments \[[@CR25]\]. Also, Zhu et al. also investigated the different expression of circRNAs by using a circRNA microarray. They chose the most significantly up-regulated circRNA, hsa_circ_0007142, for further study and found that hsa_circ_0007142 was associated with the lymphatic metastasis and differentiation of CRC \[[@CR26]\]. In this study, we analyzed the meaningful circRNAs in CRC plasma compared to the healthy control group by circRNA microarray, and the verified circRNAs (has_circ_0082182, has_circ_0000370, and has_circ_0035445) were chosen for further ROC curve analysis and bioinformatics analysis. After comprehensive consideration, we verified the single diagnostic value of has_circ_0082182, has_circ_0000370, and has_circ_0035445, respectively. Besides, we combined the three circRNAs expressions and interestingly found that the 3-circRNAs diagnostic panel provided the best discrimination, with higher detection accuracy than using each of them alone. Additionally, hsa_circ_0082182 and hsa_circ_0035445 showed significant differences between preoperation and postoperation stages, while hsa_circ_0000370 had no significant difference between the preoperative and postoperative stages (P = 0.6092). Since the 3-circular RNA signature was built based on the data of preoperative patients, this result had no influence on the proposed 3-circular RNA signature. To further understand the mechanisms of the above-mentioned circRNAs, we carefully searched and read the relevant studies, and found has_circ_0035445 was reported to be the highest upregulated circRNA in gastric cancer tissues \[[@CR27]\]. So, further experiments may still need to explore the functions and mechanisms of circ_0035445 and we could find the roles it played in the digestive system. Besides, bioinformatics analysis was performed to predict the potential mechanisms of circRNAs. As shown in Fig. [6](#Fig6){ref-type="fig"}, we found some important functions or pathways, like extracellular exosomes, cell--cell adhesion (hsa_circ_0000370), positive regulation of GTPase activity, cell growth, cell migration (hsa_circ_0082182), MAPK signaling pathway (hsa_circ_0035445), etc., were cancer-related. Also, some functions, like viral process, ossification (hsa_circ_0082182), positive regulation of smooth muscle cell apoptotic process (hsa_circ_0035445) might suggest the circRNAs play roles in other diseases. Certainly, further follow-up experiments are needed for exploring its mechanism (Additional file [4](#MOESM4){ref-type="media"}: Table S1).

Conclusions {#Sec15}
===========

In conclusion, differentially expressed circRNAs were found in CRC plasma by circRNA microarray analysis, and the qRT-PCR was used to validate the results. Hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445 were identified and ROC curves analysis was used to calculate the single and joint diagnostic value. Furthermore, we found circ_0082182 and circ_0035445 had different expression in the preoperative and postoperative plasma of LUAD patients. Finally, the bioinformatics analysis indicated that the above-mentioned circRNAs might be involved in the development of CRC.
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**Additional file 1: Figure S1.** ceRNA network of has_circ_0082182. **Additional file 2: Figure S2.** ceRNA network of has_circ_0000370. **Additional file 3: Figure S3.** ceRNA network of has_circ_0035445. **Additional file 4: Table S1.** Primer sequence used for qRT-PCR.
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